Abstract.The present study considered the design improvement of Savonius rotor, in order to increase the efficiency of output power. An investigation was conducted to study the effect of geometrical configuration on the performance of the rotor in terms of coefficient of torque, coefficient of power and power output. Modification of conventional geometry has been designed by combining the effect of number of blades and shielding method. CFD simulation was conducted to analyze the flow characteristic and calculate the torque coefficient of all the rotor configurations. The continuity and Reynolds Averaged Navier-Stokes (RANS) equations and realizable k-epsilon turbulence model are numerically solved by commercial software Ansys-Fluent 14.0. The results obtained by transient and steady method for the conventional two bladed Savonius rotor are in agreement with those obtained experimentally by other authors and this indicates that the methods can be successfully applied for such analysis. The modified 3 and 4 bladed rotors with hybrid shielding method gave the highest maximum power coefficient which 0.37 at TSR 0.5 and output power exceed 4 watts with rotor dimensions of 0.2m width and 0.2m height. This blade configuration also is the best configuration by several percentages compared to the other model from the previous study
Introduction
The invention of VAWT gives new approach in wind turbine technology. VAWT can capture wind from any directions and thus eliminating the need to re-orienting towards the wind. As a result, VAWT promise new hope in simple construction and design process, reduces cost to build and to carry out maintenance, aid installation, and eliminates the problem imposed by gyroscopic forces on the rotor of a conventional machine, as a turbine track the wind. The vertical axis of rotation also permits mounting the generator and drivetrain at ground level. All of these advantages over conventional HAWT are attracting researchers and developers to improve the performance of VAWT.
Darrieus lift type and Savonius drag type are two types of VAWT that is commonly used. Lift based VAWT have very small self-starting torque and it was a major disadvantage in low wind speed region. Therefore, the savonius becomes the new study interest due to their high starting torque among other reasons. However, drag base have very low efficiency since it cannot rotate faster. This turbine is suitable for water pumping instead of electrical generator. In this paper, this research has been carried out to improve the efficiency of the Savonius shape (basic type of drag based), so it can be used for small scale of power consumption.
Methodology
Detailed numerical study of the complex flow dynamics of the conventional and modified Savonius wind turbine was carried out. From the previous study, the conventional Savonius rotor with following geometrical parameter has high performance in coefficient of power where overlap ratio (Rs) = 0.15, aspect ratio = 1.0, end plate parameter =1.1, blade arc angle ( ) =180 o . This parameter has been study experimentally by M.A Kamoji [3] . The result obtained will be compared with the simulation result forvalidation purpose. Modified Savonius that have been investigated in this paper includes number of blades and shielding method as in fig. 1 , Simulations were conducted using the finite volume method, steady-state or transient segregated implicit solver, Reynolds-Averaged Navier-Stokes (RANS) Equations Models and realizable κ-ε epsilons for turbulence model. A standard discretization scheme was used for the continuity equation while a second-order upwind scheme was used for the turbulence kinetic energy equation, turbulence dissipation rate equation and momentum equations. The SIMPLE algorithm was then applied to solve the pressure-velocity coupling algorithms. Boundary setup involve in this study are velocity inlet at 6.9m/s, pressure outlet at atmospheric condition and finally the rotating domain is set to run the MRF (moving reference frame) for steady and sliding mesh for transient. By obtaining moment coefficient from the simulation, power coefficient can be calculated and thus, turbine efficiency could be determined.
The power coefficient (Cp) can be calculated from equation below, (1) Where is air density, is torque and angular velocity, is average wind speed and is define as rotor area. From the J.F Manwell [4] , equation of moment coefficient can be written as below:
Where, is define as rotor radius. Considering TSR equation where , Eq. 1 and 2 can be rewritten as below,
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The Eq. 3 shows that the results of this research work are expressed by the averaged moment and power coefficients as functions of tip speed ratio of the rotor.
Result and Discussion
For the first step of this study, validating the CFD simulation result with the previous experimental data is a must to ensure the method used is undoubted in terms of authenticity and reliable for further optimization step. According to the result as in fig. 2 , the data obtained from the simulation have similar trend pattern with the experimental for both transient and steady. At the TSR 0.5 to 0.8 where the maximum Cp is located, the percentage error for steady simulation is in the range between 1% to 17% while transient simulation give the percentage error only at 2% to 9%. As for conclusion, transient approach gives closer result with the experimental result as compared to steady approach. However, transient analysis needs very high performance computer. Due to this reason, and with regards to time constraint of project duration and cost of simulation, it is better to run all the simulation using steady state analysis since the percentage error and curve trend pattern is still reasonable to the experimental result. 
4th Mechanical and Manufacturing Engineering
For modified Savonius rotor, there are 4 models to be evaluated as shown in fig. 1 . All the 2, 3, 4 and 5 bladed rotor is installed with hybrid shielding geometry (Combination of guide vane and obstacle case). Fig. 4 shows good performance of two bladed rotors with hybrid shielding is further improved with the application of additional number of blade. Model 2 and 3 in this section gives good result of power coefficient of 0.372 and 0.378 at TSR 0.4 and 0.3. It can be conclude that multi blade savonius work very well with the hybrid shielding. The availability of blade surface which facing the air stream at the right moment and the right position of guide vane and obstacle case may become a strong reason of why this configuration is better compared to 2 bladed rotors with hybrid shielding. fig. 5 , model 4 which contain the highest number of blades give the high value of coefficient of torque. Therefore, 5 bladed rotors have a very high starting torque characteristic with the Cm value of 2.24. It is then followed by three bladed rotors which is 1.68 and 4 bladed at 1.2. So, it is proved that the multi blade savonius have high starting torque in any configurations of improvement. The peak value of model 3 means that the 4 bladed rotors have lower starting torque compared to 3 bladed rotors and the torque increase only when the rotation at TSR 0.2. Fig. 6 shows the maximum power generated by this configuration. Power reaching to 4 watts is finally achieved by model 2 and 3. This particular amount of power is quite good for the rotor with dimensions of only 0.2m width and 0.2m height. Finally, the best model in this study which is model 2 and 3 are 
Summary
 The results obtained by performing CFD simulation method from both steady and transient cases were compared with the experimental data from previous study.  Transient analysis give closer value of maximum power coefficient with experimental result where it only differs below 9% compare with steady state which is below 17%.  Analysis is then continued for the effect of shielding method operates together with 3, 4 and 5 bladed rotor. The maximum power coefficient achieved at 0.38 to 0.39 for the 3 and 4 bladed with hybrid shielding.  Wind turbine with high solidity of 3 to 5 blades will have high performance of starting torque. The highest starting torque from all the models was recorded at 2.24 with the configuration of 5 bladed rotors.  Best configuration in this study gives the output power of reaching to 4 watts with rotor dimensions of 0.2m width and 0.2m height.  Blade configuration in this study is the best configuration by several percentages compared to the other model from the previous study.
